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Test-retest reliability of student administered health-related fitness tests in school settings.   1 
 Abstract  2 
Purpose: To examine the test-retest reliability of student administered health-related fitness tests in 3 
school settings, and to compare indices of reliability with those taken by trained research-assistants.  4 
Methods: Participants (N= 86; age: 13.43 ± .33) were divided in to two groups, student administered 5 
(SA) (n=45; girls n= 26) or research-assistant administered (RA) (n= 41, girls n= 21). The SA group had 6 
their measures taken by eight students (age: 15.59 ± .56, girls n= 4) and the RA group had their 7 
measures taken by eight research-assistants (age: 21.21 ± 1.38, girls n= 5). Tests were administered 8 
twice by both groups, one week apart. Tests included; body mass index, hand-grip strength, 9 
standing broad jump, isometric plank-hold, 90° push-up, 4x10m shuttle run, back-saver sit 10 
and reach, and blood pressure. 11 
Results: Intra-class correlation coefficients (ICC) for SA (ICC ≥.797) and RA (ICC ≥.866) groups were 12 
high, and the observed systematic error (Bland-Altman Plot) between test one and test two was close 13 
to zero for all tests. The coefficient of variation was less than 10% for all tests in the SA group, aside 14 
from the 90° push-up (24.3%). The SA group had a marginally lower combined mean CV across all tests 15 
(6.5%) in comparison to the RA group (6.8%).  16 
Conclusion: This study demonstrates that, following familiarisation training, student administered 17 
health-related fitness tests in school based physical education programmes can be considered reliable.     18 
Key words: adolescent; youth; students; physical fitness; physical education  19 
Abbreviations: SA, Student administered; RA, research-assistant administered; HRPF, health related 20 





Physical fitness is a complex and multi-faceted construct integrating a wide range of bodily 24 
functions including morphological, muscular, motor, cardiorespiratory, and metabolic (32). Physical 25 
fitness is composed of performance related components and health-related components. In recent 26 
years, there has been a shift away from monitoring performance related components of fitness to 27 
health-related components (35). Health-related physical fitness (HRPF) is made up of multiple 28 
components, including cardiorespiratory endurance (CRE), muscular fitness (muscular strength, local 29 
muscular endurance and power) and body composition, that have been identified as important 30 
markers of current and future health among children and adolescents (20, 32, 47). Higher levels of 31 
CRE are associated with reduced risk of future cardio-metabolic related diseases (45), potentially 32 
higher levels of academic achievement (4) and better mental health (32).  In addition, positive changes 33 
to HRPF during adolescence can reduce the risk of negative health outcomes later in life (31, 34). There 34 
is also mounting evidence that associates higher levels of muscular fitness  in youth with lower levels 35 
of cardiovascular risk factors in young adulthood, independent of CRE and adiposity (17). In a 36 
systematic review of the health benefits of muscular fitness for children and adolescents, Smith and 37 
colleagues (47) concluded that there was strong evidence of an inverse association between muscular 38 
fitness, central adiposity and metabolic risk factors. The growing evidence base supporting the 39 
predictive capacity of physical fitness as a marker of current and future health has important 40 
implications for health promotion practices, and has resulted in calls for the development of 41 
population wide monitoring of fitness (21, 40).    42 
HRPF can be objectively and accurately measured in laboratory settings by qualified 43 
technicians using sophisticated instruments. However, as indicated by Espana-Romero and colleagues 44 
(13), such tests are not feasible for administration at population level. Field-based tests provide a 45 
suitable alternative since they are time-efficient, low in cost and can be easily administered to a large 46 
number of people simultaneously (40), and there have been increasing calls for the development of 47 
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simple, accurate and inexpensive methods to measure fitness in youth (42).  In any testing situation, 48 
it is important that the results are derived from high quality measurement techniques. Reliability and 49 
validity are essential for meaningful interpretation and inference of results (28).  Reliability refers to 50 
the reproducibility of a test result in repeated tests on the same individual under the same conditions. 51 
Extensive research has been conducted on the reliability of field-based measures of physical fitness. 52 
However,  the majority of research to date has used an intra or inter tester reliability methodological 53 
design, in which reliability is established by experienced and highly trained test administrators in 54 
standardised and controlled settings (13). Validity, described by Mahar and Rowe (25) as the most 55 
important concept in testing,  refers to the ability of a test to reflect what it is designed to measure. A 56 
number of systematic reviews have recently been published identifying the criterion related validity 57 
of commonly administered field-based tests in youth, including, the 20m shuttle run (43), handgrip 58 
strength and standing broad jump (1), and body mass index (35).  Furthermore, as detailed in the 59 
opening paragraph, there is increasing evidence to support the predictive validity of body 60 
composition, cardiorespiratory endurance and muscular fitness as powerful indicators of health in 61 
later life (39, 40). Different models of HRPF test administration exist in secondary schools, including; 62 
trained research-assistants visiting the school to collect HRPF data; the physical education teacher as 63 
the test coordinator and administrator; the physical education teacher coordinates the test battery 64 
and fitness tests are administered by trained senior students; or finally, peer testing, where students 65 
measure each other’s fitness. Given the greater degree of variability in secondary school settings, and 66 
the concurrent need for efficient test administration within a specified time period, maximising 67 
validity and reliability represents a significant challenge.  68 
Recently, a fitness test battery entitled ALPHA was developed specifically for use in school 69 
settings to facilitate monitoring fitness in a comparable way within the European Union (41). The 70 
ALPHA test battery was shown to be both valid and reliable when administered by physical education 71 
teachers in school settings (13). Other studies have also examined the reliability of teacher assessed 72 
measures of HRPF in school settings with positive results (37, 52). Fitness tests are often administered 73 
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in the form of a test battery, a set of two or more tests used to assess a component(s) of physical 74 
fitness. International examples currently in use in school settings include Fitnessgram® (US), CNPFT 75 
(China), ALPHA (EU), Move! (Finland), GTO (Russia), SLOfit (Slovenia) and Netfit (Hungary). Several 76 
states in the US, and many countries including Japan, Finland, Slovenia and Hungary have mandated 77 
monitoring physical fitness in school physical education programmes (11, 44, 46). In such contexts, as 78 
noted in a recent review of HRPF monitoring practices in school-based physical education programmes 79 
by O’Keeffe et al (29), it is often not feasible for one teacher to administer a test battery to a large 80 
group of students within the allocated time. The estimated time to perform the ALPHA priority test 81 
battery with 20 students was approximately 2 hours and 30 minutes (41). Therefore, limited time and 82 
space present a significant challenge to test administrators, particularly in school contexts (12, 33).  83 
A student administered format, where, following test protocol familiarisation, students are 84 
responsible for the measurement of test items, could represent a feasible alternative (15, 27). In a 85 
recent global review of youth fitness testing practices, Keating and colleagues (2018) found that of the 86 
four most prominent test batteries in use internationally, ALPHA (Europe), CNPFT (China), Fitnessgram 87 
(US) and GTO (Russia), only Russia’s GTO test battery supported a self-administration approach.   88 
Research has indicated that students are more in favour of a student-centred approach to fitness tests, 89 
as opposed to having their measurements taken by teachers or trained research-assistants (15, 29). 90 
However, no research has been conducted to date on the reliability of student administered measures 91 
of HRPF in school settings. Just as objective data are needed to answer key questions about the 92 
accuracy and repeatability of teacher-administered tests (25), so too are data on the reliability of 93 
student-administered measures. Therefore, the aim of this study was to determine if student-94 
administered measures of HRPF in secondary school-based physical education programmes can be 95 
considered reliable. 96 
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Methods  97 
Participants  98 
Research ethics approval for this study and the associated protocols was granted by the 99 
Research Ethics Committee of the Faculty of Education and Health Sciences, University of Limerick, 100 
Ireland. The study was administered in a mixed-sex secondary school in the mid-west region of Ireland. 101 
All students (N=93) in year 1 of secondary education in the school were invited to participate.  102 
Informed consent to participate was received from the school principal, the participants and their 103 
parents.  The participation rate was 92.4% (N=86). The reliability of student administered health-104 
related fitness tests was assessed using a two-group design. Participants were assigned in to a student 105 
administered (SA) group (n=45; age: 13.44 ± .35; girls n= 26) or research-assistant administered (RA) 106 
group (n=41; age: 13.42 ± .32; girls n= 21) according to their timetabled physical education class. The 107 
RA group were included as a reference for expert level reliability for this population.   108 
The homogeneity of both the RA and SA group was established through self-reported 109 
measures of physical activity (PACE+) (36) and the International Fitness Scale for youth (33) one week 110 
prior to commencing data collection. Age and gender were evenly distributed in both groups, and an 111 
independent sample t-test indicated no significant differences between self-reported activity or 112 
fitness levels (t-test, p>0.05). Furthermore, following data collection, the authors explored 113 
homogeneity of variance in both groups by calculating the average of test 1 and test 2 (hereafter T1 114 
and T2) for all fitness variables. Levene’s test indicated equal variances across all variables, t(84) = 3.5, 115 
p> 0.05, with the exception of standing broad jump which was significantly higher in the RA group (p= 116 
0.37), and an independent samples t-test confirmed no statistically significant differences between 117 
mean scores of both groups (t-test, p> 0.05), with the exception of handgrip strength which was 118 
significantly higher in the RA group (t-test, p= .01).  119 
Procedures  120 
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Both the SA and RA groups comprised of eight test administrators. The cooperating physical 121 
education teacher selected eight senior students (final two years of second level education) (age: 122 
15.59 ± .56; girls n=4) from the participating school to administer the test battery to the SA group. In 123 
addition, eight research-assistants (≥ two years’ experience in field-based testing; age: 21.21 ± 1.38; 124 
girls n=5) were recruited from the lead authors’ institution to administer the test battery to the RA 125 
group. Each administrator was responsible for one test item. A detailed standard operating procedure 126 
for each test item was designed for and read by both student and research-assistant test 127 
administrators one week before data collection started. Subsequently, test administrators from both 128 
groups participated in a three hour training workshop delivered by the lead author. During this 129 
workshop, each administrator was assigned one test, and trained in the assigned test only. Student 130 
and research-assistant test administrators conducted several familiarisation trials, and examples of 131 
correct and incorrect trials were demonstrated.   132 
Reliability of each fitness test measure was established during a double period of physical 133 
education lasting 80 minutes. Tests were performed in a station format. Participants were provided 134 
with a minimum of three minutes rest between stations and one minute rest between trials. 135 
Participants performed the HRPF tests on two occasions (T1 and T2), on the same day at the same 136 
time, one week apart. Participant groupings and the order of test completion were the same on both 137 
test days for all participants. A period of one week for functional tests has been reported as sufficient 138 
to minimise learning effect, without introducing additional error due to maturation (24).   139 
Measures  140 
The tests included in this study were selected because they have high criterion validity (1, 9, 141 
43), involve minimal equipment at low cost, and are feasible for administration in school settings (13, 142 
54). Test items included; handgrip strength; standing broad jump; height; body mass; 4x10m shuttle 143 
run.  Four additional tests of physical fitness and health, commonly administered in school based HRPF 144 
test batteries and population health surveys, were included; 90˚ Push-up; isometric plank hold; back-145 
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saver sit and reach; and blood pressure. The standard operating procedures used to administer each 146 
test are detailed below.  147 
Anthropometry: Although not a direct measure of body composition, body mass index (BMI) 148 
represents a feasible alternative for use in school settings (35). BMI is a measure of weight for height 149 
and is calculated by dividing total body mass in kilograms by stature in metres squared. Body mass 150 
was measured to the nearest 0.1kg using an electronic scale (SECA UK 875; range 0.05 to 200kg; 151 
precision 0.05kg). Scales were calibrated using a known weight prior to testing. Stature was measured 152 
to the nearest 0.1cm in the Frankfort plane with the participant standing upright (SECA UK 218; range 153 
20 to 205cm; precision 1mm). During the anthropometric measurements, students wore light clothing 154 
and were barefoot. Both anthropometric measures were recorded twice. If a difference of greater 155 
than 0.2kg and/or 1cm was recorded, participants were instructed to take a third measure. The mean 156 
of the two closest values was used for analysis.  157 
Muscular strength: Handgrip strength was measured using a digital hand dynamometer with 158 
adjustable grip (Model: 5401, Takei Scientific, Japan). This dynamometer presents a high validity and 159 
reliability when calibrated with known weights (13). The grip span of the dynamometer was adjusted 160 
according to the hand size of the participant using an equation developed specifically for adolescents 161 
(42). Participants were instructed to squeeze the handle as hard as possible for three seconds, keeping 162 
the arm fully extended by the side of the body at all times. The test was performed twice and the 163 
maximum score for each hand was recorded in kilograms. The average of the scores achieved by left 164 
and right hands was used in the analysis. Lower body explosive strength was measured using the 165 
standing broad jump test. The participant stood on an Atreq® Jump Mat behind the starting line, and 166 
was instructed to push off vigorously and jump as far as possible. Following three sub-maximal practice 167 
trials, the test was repeated twice, and the best score was retained to the nearest centimetre as the 168 
distance between toes at take-off and heels at landing.    169 
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Muscular endurance: Muscular endurance of the torso was measured using the isometric 170 
plank hold test. This test required participants to maintain a static prone position, with only forearms 171 
and toes touching the ground. Correct alignment required feet together with toes curled under the 172 
feet, elbows shoulder width distance apart, and forearms against the floor mat. Participants 173 
maintained eye contact with their hands, a neutral spine, and alignment from shoulders to ankles. The 174 
participant was given one 5 second practice trial, during which the test administrator instructed the 175 
participant into the correct position, followed by a brief period of rest. The timer started when the 176 
participant assumed the correct position. Participants were allowed to deviate from the correct 177 
position once, and could continue the test if they immediately resumed the correct starting position. 178 
The test was terminated on the second deviation from the correct position or if the participant did not 179 
return to the correct position after the first warning. The score was recorded to the closest second 180 
using a stopwatch. Upper body muscular strength was measured using a 90° push-up test.  The test 181 
was performed in line with the Fitnessgram® protocol as outlined by Welk and Meredith (54). 182 
Participants started in the push-up position, with their hands and toes touching the floor and arms 183 
shoulder width or slightly wider apart. Ensuring shoulder to ankle alignment, participants then 184 
lowered themselves towards the ground until there was a 90° angle at the elbows, with upper arms 185 
parallel to the floor. A foam block was positioned under the participant to ensure a depth of 90° was 186 
reached before returning to the starting position. Push-ups were completed in time to a metronome 187 
set at 40 beats per minute, with one complete push-up every 3 seconds. One form correction (e.g. 188 
lowering of hips) was permitted. The test concluded on the second form correction or when the 189 
participant stopped due to fatigue. 190 
Motor Component: Speed of movement and change of direction were assessed using the 191 
4x10m shuttle run test. The test was performed in line with the ALPHA test battery protocol (41). Two 192 
parallel lines were drawn on the floor 10 metres apart. The participant ran as fast as possible from the 193 
starting line to the opposite line and returned to the starting line, crossing each line with both feet 194 
every time. This was performed twice, covering a distance of 40m (4x10 m). Every time the participant 195 
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crossed any of the lines, they were required to pick up (the first time) or exchange (second and third 196 
time) a sponge that was placed on either line prior to each trial. The timer was stopped when the 197 
participant crossed the finishing line with one foot. The time taken to complete the test was recorded 198 
to the nearest tenth of a second.  199 
Flexibility: Hamstring and lumbar extensibility was measured using the back-saver sit and 200 
reach test following the protocols detailed by Welk and Meredith (54). Participants were asked to sit 201 
on the floor with legs fully out-stretched. Feet, with shoes off, were placed with the soles flat against 202 
the test device (Cartwrightfitness® sit and reach box). The knee of the participants extended leg was 203 
held flat against the floor by the test administrator, hands aligned one over the other and palms facing 204 
down. Once the starting position was assumed, the participant reached forward along the measuring 205 
line as far as possible. To avoid a jerking action, participants were asked to hold their position at full 206 
extension for three seconds, before slowly returning to the starting position. The measurement device 207 
had a scale range of 70 cm and was marked in 0.5cm intervals. The zero mark was 15 cm before the 208 
feet of the participant. The result was recorded to the nearest 0.5cm and the average of the highest 209 
scores achieved from the left and right side was used in the analysis.  210 
Cardiovascular Health: Blood pressure (BP) was recorded using an Omron M6 oscillometric 211 
automated blood pressure monitor. BP was measured by the test administrator according to the 212 
protocol outlined by the Centre for Disease Control (8). Participants rested quietly for three to five 213 
minutes prior to the measurement.  The participant was asked to sit all the way to the back of the 214 
chair so that the spine was straight. The left arm and back were fully supported, and legs were 215 
uncrossed with both feet flat on the floor. The left arm was unrestricted by clothing, with the palm of 216 
the hand turned upward and the elbow slightly flexed. The left arm was positioned so that the 217 
midpoint of the upper arm was at the approximate level of the heart.  218 
Statistical analyses   219 
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A Shapiro-Wilk’s test (p >.05) (38) and a visual inspection of their histograms showed that data 220 
were normally distributed, with the exception of SA BMI, handgrip strength and isometric plank hold, 221 
and RA BMI and back-saver sit and reach (p <0.05). Non-parametric alternatives were used to analyse 222 
these data where necessary. Sex specific effects on reliability were only found in SA systolic blood 223 
pressure (p =.023, t-test). Therefore, analyses were performed for both males and females together. 224 
A Pitman-Morgan test (14) indicated homogeneity of variance for SA and RA groups across all 225 
measures between T1 and T2 (p >.05).  In addition, the presence of heteroscedasticity was examined 226 
in line with the procedure as set out by Brehm and colleagues (7). Firstly, Bland-Altman plots were 227 
used to visually inspect the presence of heteroscedasticity by plotting the measurement differences 228 
(T2-T1) against the respective means. Following this, the degree of heteroscedasticity was then 229 
measured by calculating Kendall’s tau (τb) correlation between the absolute inter-test difference and 230 
the corresponding means. When a positive correlation of >0.1 was found, the data were denoted 231 
heteroscedastic. If heteroscedasticity was present, the data were transformed by logarithms to the 232 
base 10, if τb decreased, reliability was analysed on the log transformed scale (7).  233 
The test-retest reliability of measures taken on both groups was explored using relative and 234 
absolute indices, and the results were then compared. Paired samples t-tests (Wilcoxin Signed Rank 235 
tests for non-parametric data) were used to determine systematic bias in mean values, intra-class 236 
correlation coefficient (ICC) was used to provide an estimate of rank order repeatability, and within-237 
participant inter-test variation was graphically illustrated using Bland-Altman plots (5). Mean and SD 238 
values for T1 and T2, as well as mean inter-test differences (T2-T1) were calculated for both groups. 239 
95% limits of agreement for each physical fitness variable in both groups were calculated as the inter-240 
test mean difference ± 1.96 SD of the inter-test differences. The Bland-Altman procedure considers 241 
the proportion between the magnitude of measurements and the error graphically, but not 242 
quantitatively. Therefore, the coefficient of variation (CV) between T1 and T2 was also calculated for 243 
each fitness test in both groups by dividing the SD by the mean and multiplying by 100 to get a 244 
percentage value. Atkinson and Nevill (3) note the advantage of using a dimensionless statistic like the 245 
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CV to facilitate comparison of reliability between different measurement tools, or different groups 246 
using the same measurement tools, as was the case in this study. In an examination of the reliability 247 
of a battery of field-based fitness measures for adolescents, Lubans and colleagues (23) suggested 248 
20% variability was an acceptable degree of error. However, the decision as to what is acceptable 249 
agreement is a scientific judgement and one that statistics alone cannot answer (30), and thus, the 250 
threshold for acceptable percentage error should be specific to the variable being measured (18). 251 
Therefore, a specific figure within which all tests might be considered reliable was not set. All 252 
calculations were performed using SPSS v.24.0 software for Windows (SPSS, Chicago, Illinois, USA). 253 
For all analyses, the significance level was set at 5%.254 
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Results  255 
A total of 86 participants were assigned in to a student administered (SA) group (n=45; age: 256 
13.44 ± .35; girls n= 26) or a research-assistant administered (RA) group (n=41; age: 13.42 ± .32; girls 257 
n= 21). Mean (M) and standard deviation (±) values for testing day one (T1) and testing day two (T2), 258 
as well as mean inter-test differences (T2-T1) are reported in Table 1.  It can be observed that inter-259 
test differences in the SA and RA groups were close to zero for nearly all measurements. Highest mean 260 
inter-test differences were observed in SA systolic blood pressure (M=3.73 ±7.4), and RA standing 261 
broad jump (M=-1.7 ±0.1).   262 
Table 1. Test and retest values (mean ± SD) of student administered (n=45) and research-assistant 263 
administered (n=41) groups.   264 
Insert Table 1 here 265 
Intra-class correlation coefficients (ICC), paired sample t-tests, 95% limits of agreement (± 1.96 266 
SD) and the coefficient of variation (CV) for both RA and SA groups are reported in Table 2. ICC values 267 
for all tests in both SA (ICC ≥.797) and RA groups (ICC ≥.866) were high. An examination of systematic 268 
bias between T1 and T2 indicated no statistically significant inter-test differences in either group (p 269 
>0.05), aside from SA systolic blood pressure (3.73 ±7.35, p =.002) and RA 90° push-up (1.14±1.98, p= 270 
.003). The CV was less than 10% for all tests in the SA group, aside from the 90° push-up (24.3%). The 271 
SA group had a lower mean CV in comparison to the RA group in four of the nine tests administered, 272 
namely; back-saver sit and reach, standing broad jump, isometric plank hold and the 4x10m shuttle 273 
run. Surprisingly, the SA group had a marginally lower combined mean CV across all tests (6.5%) in 274 
comparison to the RA group (6.8%).  275 
Table 2. Reliability indices for health and physical fitness tests in student administered (n=45) and 276 
research-assistant administered (n=41) groups.   277 
Insert Table 2 here 278 
Bland-Altman plots (Figure 1 and Figure 2) were used to graphically show the reliability 279 
patterns in terms of systematic error (bias or mean inter-test difference) and random error (95% limits 280 
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of agreement) of the fitness tests studied. The systematic error, represented by the red line, was close 281 
to zero for all tests in both groups. A visual inspection of the plots indicated the presence of 282 
heteroscedasticity in SA handgrip strength and RA BMI. This was confirmed by Kendall’s tau (τb) 283 
correlation coefficient values of .264 and .259 for SA handgrip and RA BMI, respectively. Log 284 
transformations to the base ten did not remove the heteroscedasticity for either measure (p= .011, 285 
SA handgrip strength; p= 0.019, RA BMI).  Heteroscedasticity was not observed for any other measure 286 
in both groups (p= >0.05).  287 
Insert Figure 1 here 288 
Figure 1. Bland-Altman plots for SA BMI, back-saver sit and reach, standing broad jump, handgrip 289 
strength, 90° push-up, isometric plank hold, diastolic blood pressure and 4x10m shuttle run. The 290 
central line represents the mean differences between the second test (T2) and the first test (T1); the 291 
upper and lower black lines represent the upper and lower 95% limits of agreement (means 292 
differences ± 1.96 SD of the differences), respectively. 293 
Insert Figure 2 here 294 
Figure 2. Bland-Altman plots for RA BMI, back-saver sit and reach, standing broad jump, handgrip 295 
strength, isometric plank hold, 4x10m shuttle run test, diastolic blood pressure and systolic blood 296 
pressure. The central line represents the mean differences between the second test (T2) and the first 297 
test (T1); the upper and lower black lines represent the upper and lower 95% limits of agreement 298 
(means differences ± 1.96 SD of the differences), respectively. 299 
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Discussion   300 
The results from this study offer insights about the quality of student administered fitness 301 
tests in school settings. The practicality and feasibility of field-based tests for administration in school 302 
settings are crucial, however, students, parents and policy makers need to have confidence in the 303 
validity and reliability of the data gathered. With the aim of making data gathered as close to the 304 
reality of a school context as possible, this study was performed during timetabled physical education 305 
lessons, and both student and research-assistant test administrators received the same test protocol 306 
administration training one week in advance of testing.  The main findings suggest that, following 307 
training on test administration protocols, student administered fitness tests including BMI, back-saver 308 
sit and reach, standing broad jump, handgrip strength isometric plank hold and the 4x10m shuttle run, 309 
can be considered a reliable alternative to research-assistant administered tests. Further research is 310 
needed to confirm the reliability of the 90° push-up and blood pressure tests in light of the large 311 
variations found between T1 and T2 in both student administered and research administered groups. 312 
This is the first study of its kind to examine the intra-rater reliability of student administered 313 
physical fitness tests, and to compare these reliability indices with those taken by research-assistants. 314 
Surprisingly, the SA group had a marginally lower combined mean CV value (6.5%) than the RA group 315 
(6.8%) across all tests, potential reasons for which are explored later in the discussion. Aside from SA 316 
blood pressure, in which girls varied significantly more than boys (p= <0.05), no sex specific differences 317 
were observed between T1 and T2 in either group. However, it should be noted that despite reaching 318 
statistical significance, mean differences in SA systolic blood pressure recordings between T1 and T2 319 
among girls were relatively small (less than 3 mmHg). Relative reliability indices were good, with high 320 
ICCs across all tests in both the SA (ICC, ≥.797) and RA (ICC, ≥.866) group. These values compare 321 
favourably to similar studies including Lubans’ et al (23) who reported ICCs of ≥.785 in an examination 322 
of the reliability of commonly administered field-based fitness measures in adolescents. Systematic 323 
bias was only observed in two tests, SA 90° push-up and RA systolic blood pressure, however, the 324 
difference in mean values was small for both tests, as detailed in Table 1. A significant association 325 
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between the magnitude of the measure and the difference between test and retest values 326 
(heteroscedasticity) was only observed in SA handgrip strength and RA BMI. In both cases, higher 327 
values produced significantly more variability in test-retest scores (p= <0.05). All other tests analysed 328 
were homoscedastic. In an examination of the reliability of fitness tests administered by teachers in 329 
schools, Espana-Romero and colleagues (11) did not find the presence of heteroscedasticity in any 330 
fitness variable they analysed. In a similar study, Ramiréz-Vélez et al (34), did note the presence of 331 
heteroscedasticity for the back-saver sit and reach, however, this was not observed in the current 332 
study.  333 
Although not strictly a measure of body composition, the Institute of Medicine recommends 334 
BMI as the most appropriate anthropometric measure for use in schools (35). The reliability of BMI 335 
measures taken in school based physical education programmes has been shown to be higher when 336 
compared to other measures of body composition (13). Relative and absolute reliability indices were 337 
very high for measures of BMI in both the SA (ICC ≥.797; CV = 0.7%) and RA (ICC ≥.866; CV = 0.6%) 338 
groups. Espana-Romero and colleagues also reported measurement error values of <1% for BMI in 339 
their analysis of the reliability of teacher administered fitness tests in school settings. High inter-rater 340 
reliability of BMI measures taken by a school nurse and trained research staff among boys and girls 341 
aged 5 to 12 years has also been reported elsewhere (50). The reliability of BMI measures may be 342 
enhanced when two or more measures are obtained and averaged (53), as was the protocol used in 343 
this study. While some scholars have highlighted the benefits of systematic monitoring of 344 
anthropometric measures in school settings (51), physical education teachers need to be mindful of 345 
the influence of peer pressure, body image concerns and elevated levels of anxiety on self-efficacy in 346 
fitness test performance (22). The testing station format of delivery, as outlined in the methods 347 
section, allowed student participants to perform tests in small groups, potentially alleviating the 348 
prominence of body image concerns that may be present when fitness testing in larger groups.  349 
Regardless, special care needs to be given to preparing student testers in appropriately administering 350 
anthropometric tests to their peers in school settings, particular in coeducational or mixed-sex 351 
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schools, and such tests should only be used in contexts in which the physical education teacher deems 352 
it appropriate.   353 
Reliability patterns for tests measuring musculoskeletal fitness varied considerably. CV values 354 
for the 90° push-up were very high in both the SA group (24.3%) and RA group (18.9%), despite having 355 
ICC high values of ≥.964 (SA group) and ≥.971 (RA group). The wide range of scores observed in each 356 
group could explain this discrepancy as reported by Atkinson and Nevil (3), further emphasising the 357 
importance of using both relative and absolute indices of reliability. Lubans et al (23) and Morrow et 358 
al (28) found similarly poor reliability for the 90°degree push-up test, suggesting that the current 359 
protocols used to administer this test are inadequate to produce sufficiently reliable results. 360 
Interestingly, a significant inter-test difference was found for RA 90° push-up test (p = .003) that was 361 
not observed in the SA group. This suggests that reliability declined with experience, however, it has 362 
been reported that more experienced testers may not count as many repetitions that meet the criteria 363 
for a full repetition (elbow flexion of 90°), hence the greater degree of variability (26). A similar finding 364 
of reduced reliability with tester experience was observed by Morrow and colleagues for the trunk-lift 365 
test (28). CV values for the isometric plank hold tests were similar, 9.8% and 10.4% for SA and RA 366 
groups, respectively. Acceptable reliability of the isometric plank hold test among children aged 8 to 367 
12 years has been found elsewhere (6), however, this study only reported ICC values, the limitations 368 
of which have previously been outlined. Test-retest reliability for the handgrip strength test and 369 
standing broad jump was very high in the SA and RA group. This corroborates the findings of previous 370 
studies that examined the reliability of both test items delivered by physical education specialists in 371 
school settings (13, 30, 37). Espana-Romero and colleagues (13) reported marginally lower percentage 372 
error values of 2.3% for handgrip strength and 6.3% for standing broad jump in comparison to those 373 
observed in this study (Table 2). In a systematic review on the reliability of field-based tests in youth, 374 
Artero and colleagues (2) also indicated that neither learning nor fatigue effects were found for either 375 
the standing broad jump or handgrip strength tests in the studies they identified. Therefore, student 376 
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assessed measures of muscular fitness including handgrip strength, standing broad jump and 377 
isometric plank hold can be considered reliable for administration in school settings.  378 
The back-saver sit and reach test produced high relative reliability scores in both the SA (ICC 379 
.984) group and RA (ICC .980) group. Hartman and Looney (19) found similarly high ICC levels of .975 380 
for the same test in a study involving 87 boys and 62 girls aged 6 to 12 years. Notably, the SA groups 381 
mean CV value of 8.4% for the back-saver sit and reach was almost half that of the RA group (15.5%). 382 
As outlined previously for the 90° push-up test, variability in terms of what a test administrator 383 
considers an adequate trial could be the source of this greater discrepancy among the more 384 
experienced RA testers. In line with existing research (13, 37), the 4x10m shuttle had very good 385 
relative and absolute reliability indices in both groups. In an analysis of reliability of teacher 386 
administered HRPF tests among Columbian children and adolescents, Ramirez-Velez and colleagues 387 
(37) found similarly low inter-test differences in the 4x10m shuttle run of less than three tenths of a 388 
second. The 4x10m shuttle run test thus represents a very practical and reliable approach to assessing 389 
components of motor fitness, including speed and change of direction, among youth. Automated 390 
blood pressure recordings, although within a moderate range, had the lowest ICC values for both 391 
student and research administered groups when compared to the other test items (RA; systolic ICC= 392 
.677, diastolic ICC= .761; SA; systolic ICC= .742, diastolic ICC= .668). Despite this, CV values for blood 393 
pressure were ≤ 5.3% for both groups. Previous studies have highlighted multiple advantages of 394 
automated BP recordings including practicality and reliability (10), as well as ease of administration by 395 
non-expert populations (16, 49). To optimise validity of a blood pressure recording, a 24 hour 396 
ambulatory blood pressure monitoring protocol is recommended (48), which is not feasible in a school 397 
context. Further research is needed to determine the reliability and validity of field-based blood 398 
pressure measurements administered by non-expert populations.   399 
This study had some limitations which should be noted. Given the relatively small sample size 400 
and tight age range of participants drawn from only one school, our findings cannot be generalized to 401 
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all field-based testing settings at this time. A larger sample size, involving a more diverse age-range, 402 
and the inclusion of an additional trial, could have improved the precision of the reliability estimates, 403 
while also allowing for a more detailed examination of results by age group. However, the two group 404 
study design (SA and RA) and the wide variety fitness tests examined, in addition to the authenticity 405 
of the environment in which testing took place, are notable strengths of this study. Although previous 406 
research has promoted the concept of peer fitness testing in a school context, this study is the first of 407 
its kind to examine and confirm the reliability of this approach. The findings indicate that, with 408 
adequate training on test administration protocols, a student-led approach represents a feasible and 409 
reliable alternative to physical education teacher or research-assistant administered fitness tests in 410 
school settings. 411 
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Conclusion  412 
The aim of this study was to examine the intra-rater reliability of student administered HRPF tests in 413 
a school context. Student-centred approaches to fitness testing in school contexts have long been 414 
recommended, however, this is the first study to examine the reliability of student measured fitness 415 
tests. Although no testing situation can be perfect, particularly in a field-based or school context, this 416 
study presents various steps that can be taken to minimize potential sources of error and optimize 417 
reliability, while simultaneously contributing to student learning. Overall, student administered 418 
reliability indices were very positive, and rather surprisingly, the student administered group had a 419 
marginally lower combined CV across all tests in comparison to the research-assistant administered 420 
group.  The results suggest that, following training on test administration protocols, student-assessed 421 
measures of anthropometric (BMI), muscular fitness (hand-grip strength, standing broad jump and 422 
isometric plank hold) and performance-related fitness (4x10m shuttle run) can be considered a 423 
reliable approach to administering HRPF tests in school settings.  In conclusion, a student administered 424 
approach to fitness testing in school settings represents an accessible and feasible mechanism for 425 
gathering data on key indicators of adolescent health. However, any measurement of physical fitness 426 
in a school context should be delivered with a strong educational emphasis, and not conducted solely 427 
for the purpose of gathering data. 428 
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